1. Introduction
===============

Since healthcare facilities use diagnostic tools, such as computed tomography (CT) and ultrasonogram, many patients can be diagnosed with appendicitis and then transferred for surgery. The time required to transfer to a hospital means these patients have a longer time from diagnosis until surgery compared with patients who are admitted directly. Previous studies have found that patients in rural areas have a higher rate of complicated appendicitis.^\[[@R1],[@R2]\]^ Although there has been debate as to whether appendicitis is a condition requiring emergency surgery,^\[[@R3]--[@R6]\]^ early appendectomy is beneficial for the patients.

A few studies have compared patients who were directly admitted with patients who were transferred to a tertiary facility for appendectomy.^\[[@R7]--[@R9]\]^ These studies found that there was no difference in the incidence of complications between the 2 groups. One study found that patients who were transferred were associated with higher rates of perforation and open conversion, as well as a longer hospitalization.^\[[@R7]\]^ These studies did not include data for the amount of time to transfer, but only categorized patients based on whether they were transferred to the hospital or directly admitted. Further research on the association between the time to transfer and the outcome is necessary.

As the only tertiary military hospital in South Korea, many patients with appendicitis have been transferred to Armed Forces Capital Hospital (AFCH) for an appendectomy. Most patients come to our hospital immediately after the diagnosis is made. Occasionally, the time to transfer has been delayed due to the military environment. We hypothesize that patients with a longer time to transfer have a worse outcome. The aim of this study was to evaluate the relationship between the time to transfer and the outcome of patients who underwent appendectomy and to determine the factors that affect the clinical outcome.

2. Methods
==========

A retrospective analysis of 520 patients who underwent appendectomy in AFCH from May 2015 to April 2017 was performed. Patients admitted directly to our hospital were diagnosed with appendicitis using CT in the emergency department. Cephalosporin and metronidazole were started once the diagnosis of appendicitis was made. All patients who were transferred had been diagnosed with appendicitis using CT in other military hospitals. Surgeons in the other military hospitals usually administer antibiotics immediately after diagnosis and call surgeons in our hospital for possible surgery. Surgeons in our hospital performed appendectomies on a rotating basis determined by the call schedule. Patients were discharged when they could perform their duties in the army.

The exclusion criteria are as shown in Figure [1](#F1){ref-type="fig"}. We excluded patients who had no preoperative laboratory test in our hospital, had incorrect medical records, underwent interval appendectomy, or underwent an incidental appendectomy. Those with appendectomy due to the failure of nonoperative treatment were also excluded. Because two-thirds of the patients arrived for surgery within 4 hours, we used 4 hours as the cut-off point for defining the early and delayed transfer groups. A total of 449 of the 520 identified patients met the inclusion criteria and were analyzed.

![Study flowchart. Exclusion and inclusion criteria are outline. We only included patients who visited the hospital through the emergency department and underwent emergency appendectomy.](medi-98-e17715-g001){#F1}

2.1. Measurement
----------------

The following patient characteristics were obtained: age, time from symptom to hospitalization, body temperature, body mass index (BMI), white blood cell (WBC) count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) level, time from hospitalization to surgery, and time from diagnosis to surgery for the preoperative status. The outcome was determined based on the following: type of surgery, surgical findings, drain placement, the time required for surgery, the day on which a normal diet was started, duration of treatment with intravenous antibiotics, length of hospital stay, postoperative fever, and complications. To evaluate the time to transfer, we assumed that patients were transferred immediately after diagnosis in other military hospitals and therefore the CT capture time was used as the time of diagnosis. Day-time surgery was defined as being from 08:30 to approximately 17:30. Surgical findings were categorized as inflammation and perforation. To determine the factors that affected perforation, we divided the groups into 2 subgroups based on the presence of perforation.

2.2. Statistical analysis
-------------------------

Data analysis was performed using IBM SPSS Statics 21 for Windows. One-way analysis of variance and independent samples *t* test were used for comparison of independent continuous variables. Tukey honest significant difference test was used for posthoc examination. For categorical data, linear by linear association, the Chi-squared test, and Fisher exact test were used. A multiple logistic regression model was created to estimate the odds ratio. Significance was set at *P* \< .05.

3. Results
==========

3.1. Time before surgery
------------------------

To understand the patient\'s progression before surgery, Figure [2](#F2){ref-type="fig"} shows each group\'s timeline of events from symptoms to surgery. The results for time from symptoms to hospitalization and for time from hospitalization to surgery are shown in Table [1](#T1){ref-type="table"}. The mean (±standard deviation) time to transfer was 2.6 ± 0.7 and 8.3 ± 4.7 hours for the early and delayed transfer groups, respectively.

![Timeline: Events from onset of symptoms to surgery. This figure shows a timeline to illustrate the definition of onset of symptoms to surgery. Time 0 is presentation at the hospital. The time from the onset of symptoms to hospitalization was not significantly different among the groups. Although the time from hospitalization to surgery was shorter in the transferred patient groups, the time from diagnosis to surgery, which includes time to transfer, was increased along 3 groups.](medi-98-e17715-g002){#F2}
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Baseline characteristics.
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3.2. Patient characteristics and comparison between different groups
--------------------------------------------------------------------

A total of 449 patients were evaluated in this study: 293 with direct admission, 110 with early transfer, and 46 patients with delayed transfer. Patient characteristics are shown in Table [1](#T1){ref-type="table"}. Age, time from symptoms to hospitalization, body temperature, BMI, ESR, and CRP levels were similar among the 3 groups. WBC count and neutrophil count were lower in the delayed transfer group compared with the other groups. Surgery was performed after 17:30 more often in both transfer groups. The time from diagnosis to surgery was shorter in the direct admission group. The time from hospitalization to surgery, which indicates an in-hospital delay, was shorter in both transfer groups compared to the direct admission group. Other factors related to outcome were not different among the 3 groups.

3.3. Patient characteristics and comparison between nonperforated and perforated groups
---------------------------------------------------------------------------------------

Table [2](#T2){ref-type="table"} summarizes patient characteristics regarding perforation. A total of 51 patients (11.4%) had a surgical finding of perforation. Patients with perforated appendicitis were more likely to have waited longer following symptom onset, higher body temperature, and ESR. There was no difference among the groups for time from hospitalization to surgery, time from diagnosis to surgery, or presence of transfer. Other factors related to outcome, other than complications, were worse in patients with perforation.

###### 

Patient characteristics and comparison between non-perforated and perforated groups.
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3.4. Clinical factors associated with perforation
-------------------------------------------------

Table [3](#T3){ref-type="table"} shows the results of a logistic regression analysis to evaluate the risk factors for perforation. Time from symptoms to hospitalization, body temperature (odds ratio = 3.69; 95% confidence interval: 2.21--6.17; *P* \< .001), and ESR (odds ratio = 1.12; 95% confidence interval: 1.06--1.17; *P* \< .001) were significantly associated with perforation. The time from onset of symptoms to hospitalization was significant only for patients who had symptoms for more than 72 hours (odds ratio = 12.61; 95% confidence interval: 3.84--41.40; *P* \< .001).

###### 

Factors associated with perforation after logistic regression.
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4. Discussion
=============

Our analysis demonstrates that the time to transfer was not associated with the outcome in patients with appendicitis. As we divided the patients according to the time to transfer, we hypothesized that the delayed transfer group would have a worse outcome than the directly admitted group. Due to the particular conditions related to the military, many patients with long transfer times were included; the longest time to transfer was 20.8 hours. Contrary to our expectations, no differences among the groups were found.

This result is part of the currently changing concept that appendicitis does not require emergency surgery. Some surgeons suggest that semi-elective surgery is sufficient.^\[[@R4],[@R10]--[@R12]\]^ A number of reports suggest that a short, in-hospital delay of appendectomy does not increase perforation rates or result in a worse outcome.^\[[@R3],[@R4],[@R6],[@R12]--[@R16]\]^ In our data, the time to transfer caused delaying time to appendectomy compared with the time from hospitalization to surgery. The mean time from diagnosis to surgery in transferred patients was 7.28 hours (range: 3.35 to 23.22 hours). This is similar to the previously reported in-hospital delay of 6 to 24 hours.^\[[@R3],[@R4],[@R6],[@R12]--[@R16]\]^

We postulate that the lack of a difference among the groups can be attributed to the administration of antibiotics. The decreased WBC and neutrophil counts in the delayed transfer group is a clue for this hypothesis. Farach et al also suggested that the lack of a difference between the short- and long-delay transfer groups may be attributed to the administration of antibiotics once the diagnosis of appendicitis has been made.^\[[@R8]\]^ Recent studies have shown the effectiveness of antibiotics in appendicitis.^\[[@R17]--[@R19]\]^

Leberer et al suggested that transferred patients show higher perforation and open conversion rates and require longer hospitalization than patients who are directly admitted.^\[[@R7]\]^ This result, however, has a selection bias as the transferred patients had higher American Society of Anesthesiologists physical status scores. Most enrolled patients in our study were healthy young men. A few patients older than 30 years had a chronic illness. There were no clinical preoperative characteristic differences among the groups. Only 1 open appendectomy was performed due to a patient\'s pulmonary risk of asthma. Our study did not show differences in perforation rate, type of surgery, or length of hospital stay.

Another important finding was that surgery was performed more frequently in the evening and the night (after 17:30) in transferred patients. This is similar to results from a previous study that showed that directly admitted patients were significantly more likely to arrive between the hours of 09:00 and 17:59 when compared to the transferred patients.^\[[@R8]\]^ We thought that this result was due to the amount of time to transfer. Although patients were diagnosed during the day in other hospitals, they would arrive at our hospital in the evening. There was no difference in outcome according to the time of the surgery. Yardeni et al demonstrated that a semi-elective approach to acute appendicitis affords a better work environment for the entire operating room team and has substantial implications for healthcare workers in cases where there are work-hour limitations.^\[[@R4]\]^

Consequently, the major risk factor for perforation and poor outcome was the time from onset of symptoms to hospitalization. This finding is similar to that of previous studies.^\[[@R15],[@R20]\]^ Ditillo and colleagues suggested that prehospital delays were more profoundly related to worsening pathology when compared to in-hospital delays.^\[[@R20]\]^ Pittman-Waller and colleagues suggested that a patient\'s delay in the presentation was the only significant factor determining the incidence of complicated appendicitis.^\[[@R15]\]^ In our study, only patients who had symptoms for more than 72 hours had a meaningful odds ratio of 12.61 compared with patients who had symptoms for \<24 hours (95% confidence interval: 3.84--41.40). There was no statistically significant difference for patients who had symptoms for \<72 hours. This result is also consistent with other studies. In these studies, the odds for progressive pathology were 13-times higher for patients with symptoms \>71 hours compared with patients with symptoms \<12 hours, and the time to surgery had a strong inverse correlation with the risk of histopathologic perforation.^\[[@R15],[@R20]\]^

Most previous studies have shown results of in-hospital delay because prehospital delay is inevitable. In previous studies with a large number of patients, 12 hours of in-hospital delay was used as the cut-off value.^\[[@R3],[@R12],[@R13]\]^ They showed in-hospital delay did not increase the risk of complex appendicitis. However, they did not commented on effects of antibiotics administration. In our data, we are able to see that delays \<7 hours appear to have no influence on patient outcomes. We believe that this result may be possible due to immediate antibiotic administration after diagnosis. Further research is necessary on the administration of antibiotics in patients with a surgical plan.

The major limitation of this study is that it is a retrospective analysis and includes a relatively small sample size. Second, the time from the onset of symptoms to hospitalization is difficult to measure. The investigators had to rely on statements from the patients. Third, an observational study at 1 institution limits generalizability to other populations. Nevertheless, as the 1st study including the time to transfer, our results are meaningful for surgeons who have to determine the timing of an appendectomy and to the physicians who need to determine the transfer.

Patients who are diagnosed with appendicitis and transferred from other hospitals for definitive care were not found to have poorer outcomes. Moreover, there was no difference in outcome between the early and delayed transfer groups. Even if a long time is necessary for transfer, an appendectomy can be performed safely if patients were administered antibiotics immediately after diagnosis. As a progressive disease, the outcome of appendicitis is primarily influenced by the time from the onset of symptoms to hospitalization. If this interval is longer than 72 hours, it is associated with a poor outcome.
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